Background. Patterns of morbidity and mortality among human immunodeficiency virus (HIV)-infected individuals taking antiretroviral therapy are changing as a result of immune reconstitution and improved survival. We studied the influence of aging on the epidemiology of non-AIDS diseases in the Swiss HIV Cohort Study.
HIV-infected persons have had a disease-specific focus, comparing the prevalence or incidence of a single clinical event among HIV-infected patients with that among demographically similar HIV-uninfected individuals [8] [9] [10] [11] [12] , but only a few studies have aimed to investigate the extent and consequences of multimorbidity in the HIV-infected population.
In the Swiss HIV Cohort Study (SHCS), the proportion of older participants has increased in recent years ( Figure 1 ). We aimed to study the influence of aging on the epidemiology of non-AIDS diseases in our cohort. We calculated incidences and hazard ratios for different clinical events and compared participants in different age groups (,50, 50-64, and $65 years of age). Because of the prospective and in-depth design of the cohort, we were able to adjust for many factors known to be associated with HIV disease progression or risk factors associated with non-AIDS comorbidity.
METHODS

Study Design and Data Collection
The SHCS is a prospective observational cohort study with continued enrollment of HIV-infected persons aged $16 years who attend outpatient clinics at 7 cohort centers, affiliated regional hospitals, or private practitioners collaborating with the centers. Standardized data collection forms containing demographic, psychosocial, clinical, laboratory, and treatment information are completed every 6 months by physicians and study nurses [13, 14] .
HIV-associated opportunistic infections and malignancies have been documented since 1988, and immune reconstitution inflammatory syndrome has been reported since 2005. The SHCS is participating in the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) cohort, which has collected detailed information on cardiovascular end points and diabetes mellitus since 1999; end points are centrally reviewed and validated [15] . In 2008, the D:A:D cohort introduced additional end point forms and adjudication procedures for renal disease, liver disease, and non-AIDS malignancies. In addition, in 2008, the SHCS started to collect information on bone-related events, bacterial pneumonia, and pancreatitis. Detailed information on alcohol consumption has been collected in the SHCS since August 2005; detailed data on injection and noninjection drug consumption have been reported since April 2007.
Study Participants
SHCS participants with at least 1 cohort visit from 1 January 2008 through 31 December 2010 were included in the analyses. Participants were categorized into 3 age groups: ,50, 50-64, and $65 years of age. We limited the analysis to the 3 main HIV transmission categories: men who have sex with men, heterosexual individuals, and injection drug users. The protocol of the SHCS was approved by local ethical committees, and written informed consent was obtained from all participants.
Definitions
Body mass index was calculated as weight in kilograms divided by the square of height in meters. Hypertension was diagnosed in participants with a diastolic or a systolic blood pressure $90/ $160 mm Hg or in those who took antihypertensive medications. If participants reported physical changes in face, arms, legs, abdomen, buttocks, breasts, or neck and if this physical change was confirmed during examination, the patient was assigned to have lipoatrophy or lipoaccumulation, depending on the situation. As a correlate of kidney function, estimates of the glomerular filtration rate were calculated using the Modification of Diet in Renal Disease equation [16] . Active hepatitis B virus (HBV) infection was defined as positive HBV surface antigen or HBV e antigen or HBV DNA. Hepatitis C virus (HCV) infection was defined as positive HCV antibody and positive HCV RNA. Alcohol use was stratified according to the World Health Organization definition into severe (for female patients, .40 g/d; for male patients, .60 g/d), moderate (for female patients, 20-40 g/d; for male patients, 40-60 g/d), and light use (for female patients, ,20 g/d; for male patients, ,40 g/d). The term ''clinical AIDS'' was used if an individual had a previous AIDS-defining infection or malignancy.
To assess the effects of viral load on clinical events, we captured the ART status at the last cohort visit before a new event or at the patient's last cohort visit, whichever was applicable. Information on ART included age at start of therapy, era of starting ART (mono/dual versus combination ART), ART status (ARTnaive, currently not receiving ART, receiving ART with HIV RNA level ,50 copies/mL, receiving ART with HIV RNA $50 copies/mL), adherence to ART during the 4 weeks before the last cohort visit, years of cumulative exposure to ART, current drug regimens (ART combinations based on protease inhibitor [PI], nonnucleoside reverse-transcriptase inhibitor [NNRTI], NNRTI and PI, or nucleoside reverse-transcriptase inhibitor [NRTI]), and individual drugs. The term ''mono/dual'' was used in case of ART initiation with 1 or 2 antiretroviral drugs, and the term ''combination ART'' was used for $3 drug combinations. 
Statistical Analysis
Trends across age groups for different characteristics and conditions were analyzed using nonparametric tests for trend. Incidences of clinical events were calculated as the number of new events divided by the number of person-years of follow-up. Follow-up was counted from the first visit after 1 January 2008 to the date of the first diagnosis of new clinical events or the patient's last cohort visit, whichever occurred first.
Associations with age were analyzed in uni-and multivariable Cox proportional hazards regression models. Multivariable models were adjusted for latest square-root-transformed CD4 cell counts, latest log 10 -transformed HIV RNA level, female sex, former and current injection drug use, former and current smoking, and duration of HIV infection. Duration of HIV infection was calculated as years since seroconversion with use of imputed dates of seroconversion [17] . Eight percent of clinical observations (in particular, liver-associated events and bacterial pneumonias) had to be deleted because of missing covariables. Competing risk-of-death analyses, according to the method of Fine and Gray [18] , were performed for the different clinical outcomes.
We used Stata, version 11.1 (StataCorp), for analyses. 17 .4% in the 50-64 years age group), were less likely to be HCV infected (6.2% vs 24.9%) and were less likely to be current smokers (16.9% vs 41.2%). Test-for-trend analyses across age groups showed associations with virtually all baseline conditions. The probability of prior clinical AIDS, cardiovascular risk factors, diabetes mellitus, or lipodystrophy was increasing with age, and renal function was decreasing with age.
RESULTS
From
Antiretroviral Therapy Status and Non-HIV Comedication
A total of 7184 (85%) of 8444 participants were taking ART, and 5834 (81%) of the 7184 participants had an undetectable viral load at the last cohort visit in the reference period or just before the clinical event ( Table 2 ). The median age at start of ART was 36 years (IQR, 31-43 years), and the median duration of treatment was 6.4 years (IQR, 0.929-11.7 years). One-third of participants were receiving a PI-based regimen, and one-third were receiving an NNRTI-based regimen. Older patients were more frequently taking ART, had more frequently suppressed viral replication, and were more frequently taking non-HIV comedications. Of 8444 participants, 2591 (31%) received at least 1 non-HIV comedication. Figure 2A shows the percentage of participants with their respective numbers of non-HIV medication, stratified by age. One hundred fifteen (5.2%) of 2233 participants aged 50-64 years and 64 (14.2%) of 450 participants aged .65 years received $4 comedications.
Incidence of Clinical Events
Numbers of non-AIDS comorbidities, HIV-related complications, hospitalizations, and deaths, stratified by age, are shown in Table 3 . One hundred seventy-seven (2.10%) of 8444 persons died. The leading causes of death were malignancies (40 [23%] of 177), infectious diseases (14.6%), and cardiovascular events (12.4%).
Of the 8444 participants, 1812 (21.5%) were hospitalized during the reference period. Somatic reasons (79.9%), psychiatric reasons (13.5%), and injuries (6.6%) accounted for most hospitalizations. Of 8444 cohort participants, 95 developed a new AIDS-defining illness and 100 developed a Centers for Disease Control and Prevention (CDC) stage B disease. We observed 994 incident non-AIDS clinical events during the reference period. Among the 115 non-AIDS malignancies, malignant neoplasm of the liver was the most frequent (16 [12. 7%] of 115), followed by neoplasms of the lung (10.3%), prostate (7.14%), breast (5.56%), and skin (5.56%). Numbers of different non-AIDS comorbidities, stratified by age, are provided in Figure 2B . One hundred one (4.5%) of 2233 participants aged 50-64 years and 23 (5.3%) of 450 participants aged .65 years had $4 comorbidities.
The incidence rate (IR) of death was 7.81 deaths per 1000 person-years (95% confidence interval [CI], 6.74-9.05 deaths per 1000 person-years), of any hospitalization was 87. Table 3 . Incidences for death and hospitalization were elevated in older participants, compared with those aged ,50 years. Also, IRs for bacterial pneumonia, stroke, coronary angioplasty, myocardial infarction, procedures on other arteries, bone fracture with assumed adequate or inadequate trauma, osteoporosis, new diabetes event, pancreatitis, and non-AIDS malignancy were higher for older participants (all P , .05).
Age-Associated Risks for Non-AIDS Events
Uni-and multivariable hazard ratios (HRs) for death, hospitalizations, HIV-associated, and non-AIDS events are shown in Table 4 . In participants aged 50-64 years and $65 years, univariable HR for death and the following comorbidities were elevated, compared with younger persons: bacterial pneumonia, stroke, coronary angioplasty, myocardial infarction, procedure on other arteries, bone fractures with assumed adequate or inadequate trauma, osteoporosis, diabetes mellitus, pancreatitis, and non-AIDS-defining malignancies (all P , .05). After multivariable adjustment, associations with age remained unchanged for these end points. The global P value for age, obtained through a comparison of the likelihoods between models that did not include age, was P , .001 for most clinical events, suggesting that the overall effect of age on clinical events was strong. Strong associations (P , .001) of covariables with the different end points were found in the respective multivariable models. Square-root CD4 cell counts were inversely associated with the development of bacterial pneumonias (HR, 0.939; 95% CI, 0.916-0.961), bone fractures without adequate trauma 
Sensitivity Analyses
We performed competing risk-of-death analyses with the assumption that different end points might be underestimated in older HIV-infected individuals, because they were more likely to die before experiencing a comorbid disease. We found that uniand multivariable associations with age remained unchanged.
DISCUSSION
We prospectively assessed incident non-AIDS comorbidity and studied the association between age and clinical end points. Over a 36-month period, 8444 participants were followed up for 22 591 person-years. A comparison of our results with an age-matched HIVuninfected population with similar comorbidity or behavior is difficult, because we had no suitable HIV-uninfected control group in our country. Also, comparisons with the European Cancer Observatory [19] or the MONICA Augsburg Cohort (MAC) , a large cohort of HIV-uninfected persons in Germany [20, 21] , are problematical, because the age distribution is different. Nevertheless, comparison of such data suggest a higher overall IR of cancer (IR, 3.764 cases per 1000 person-years) in our cohort of HIV-infected persons and higher IRs of myocardial infarction (IR derived from MAC, 3.51 cases per 1000 person-years; 95% CI, 3.17-3.87 cases per 1000 person-years), and diabetes mellitus (IR derived from MAC, 5.32 cases per 1000 person-years; 95% CI, 4.84-5.83 cases per 1000 person-years) in our SHCS participants aged 50-64 years.
Previous studies compared cross-sectional prevalence [9, 12, [22] [23] [24] [25] [26] or IRs [8, 10, 11, 27, 28] of comorbid disease between HIV-infected and HIV-uninfected individuals. In HIV-infected individuals, higher rates of bone fractures [9] , osteoporosis [25] , pulmonary disease [26] , non-AIDS-defining malignancies [8, 27, 28] , and cardiovascular disease [10, 11] , were reported. However, such data deserve careful interpretation, because most of these studies were population-based, lacked prospective capture of end points, often relied on retrospective analysis of International Classification of Disease diagnosis codes, and did not control for long-term ART use and other important risks, such as smoking, alcohol, or substance use. Furthermore, it is especially important to consider that HIV-infected persons differ from HIV-uninfected control subjects with respect to metabolic changes because of long-term toxicity of ART [29] [30] [31] , with respect to alcohol consumption, smoking, body mass index, and rates of HBV or HCV coinfections. This co-occurrence of multiple diseases or risk factors leads to novel patterns of multimorbidity that substantially differ by HIV status and age [23] .
Effects of age and HIV infection on single non-AIDS diseases were previously reported [8] [9] [10] [11] [12] 23] . Comparisons between HIV-infected and HIV-uninfected persons showed higher rates of bone fractures [9] , acute myocardial infarction [10, 11] , diabetes mellitus [12] , and non-AIDS-defining cancers [8, 28] among older HIV-infected individuals. The Veterans Aging Cohort Study (VACS) reported that HIV-infected participants aged $50 years more likely suffered from hypertension, diabetes mellitus, vascular disease, pulmonary disease, and renal disease, whereas substance use and psychiatric disorders were less likely in this age group [23] . The small cross-sectional National Health and Nutrition Examination Survey found a higher prevalence of hypertension, hypertriglyceridemia, low bone mineral density, and lipodystrophy in HIV-infected persons aged $50 years, compared with matched HIV-uninfected control subjects, and suggested that HIV accelerates biological aging [24] . However, the concept of premature aging of HIV-infected persons appears to be controversial, particularly when considering the investigation on effects of age on non-AIDS-defining malignancies by Shiels et al [32] . They compared age at diagnosis for different types of cancer in HIV-infected and HIV-uninfected populations after adjustment for age differences between groups and concluded that their analyses do not support premature aging as a cause of cancer in HIV-infected persons.
Residual immunodeficiency and a state of chronic inflammation may add to risk of age-associated non-AIDS diseases also among persons taking ART [6] . We observed that individuals with higher CD4 cell counts were less likely to develop HIVassociated and non-AIDS events, and they were less likely to die. A detectable HIV RNA level was associated with the development of bacterial pneumonia, new CDC B-and C-defining events, and certain non-AIDS end points. Patients with lower CD4 cell counts are known to have a higher mortality [2] , but they also seemed to develop age-related events more frequently in our analyses. This is in line with results from the VACS, which showed that low CD4 cell counts and detectable viral loads were associated with vascular and pulmonary diseases [23] .
Strengths of our study include its statistical power, because of the large number of patient-years, and the prospective collection of incident events with use of structured event reporting forms. Because of the design of the cohort, we were able to control for many cofactors known to be associated with HIV progression or occurrence of comorbid events. Several limitations should also be noted. First, we could not compare incidences of disease in HIV-infected patients with those in a demographically similar HIV-uninfected reference group. This complicates the interpretation of IRs in persons aged .65 years, leaving questions open, such as whether increased comorbidity simply reflects being older or whether risk of comorbidity is increased because of reduced immune recovery, despite HIV control, in persons who are infected at an older age. Second, although SHCS institutions provide primary care and, thus, continuously document patients' history and clinical end Multivariable models were adjusted for latest square-root-transformed CD4, female sex, former injecting drug use, never injecting drug use, former smoking, never smoking, latest log 10 -transformed HIV-RNA copies/mL and years of HIV infection.
Abbreviations: HR, hazard ratio; CI, confidence interval; HIV, human immunodeficiency virus. a Participants ,50 years old formed the reference group.
points, it cannot completely be excluded that participants attended other institutions for care and that such information was not reported by participants or care providers. There is no formal record linkage with other hospitals. Third, outcome is particularly different in injection drug users, because they more often suffer from liver-related comorbidities or smokingrelated complications, are less likely to participate in a cohort study, and are underrepresented in older age groups. However, we considered such differences of participants' characteristics and behavior by adjusting the multivariable models also for former versus current injection drug use and former versus current smoking.
In conclusion, non-AIDS comorbidities, particularly cardiovascular disease, osteoporosis, diabetes mellitus, and non-AIDS-defining malignancies, become increasingly important in HIV-infected persons and increase with older age. In addition to disease-specific research, studies on comprehensive HIV care need to focus on patterns of consecutive comorbidity and concurrent multimorbidity. Because age is a nonmodifiable factor, it is particularly important to carefully screen for and prevent agerelated modifiable risks of non-AIDS comorbidity.
Notes
